To clarify the changes of esophageal motility along with age, we performed esophageal manometry on 47 healthy volunteers, and compared the values of four groups under 49 years old (n=11), 50 to 59 (n=15), 60 to 69 (n=11), and over 70 years old (n=10). Resting lower esophageal sphincter (LES) pressure in the group over 70 years old showed the tendency of decrease, but not statistically significant. Nadir LES pressure on swallow-induced relaxa tion was not statistically different among 4 groups. On esophageal body testing, percentage of non-conduction sequence in the group 60 to 69 and over 70 years old was statistically higher compared with that of the group under 49 years old (p<0.05) but spared in some elderly subjects. Percentage of simultaneous contractions was not statistically different among 4 groups. Peristaltic contraction amplitude in the group over 70 years old was significantly lower than that of the group under 49 years old both at the level of 5 cm above (p<0.01) and 10 cm above LES (p<0.05). We speculate that the influence of aging on esophageal motility is the reduced transmission sequence of peristalsis and contractility of esophageal body. This alteration along with age may differ from the pathological condi tion of scleroderma or diffuse esophageal spasm.
Introduction
Physical conditions alter according to age in human subject (Carid, 1987) . Motor functions of human gasstrointestinal tract may also alter along with age. In the elderly human subjects, delayed gastric emptying (Moore et al., 1983) and reduced postprandial contractility in small intestine (Anuras et al., 1984) were reported.
Aging effect on human esophageal motility had been analyzed by means of cineradiological studies (Zboralske et al., 1964 :Mandelstam et al., 1970 . Zboralske et al. showed that reduced peristaltic sequence, delayed barium emptying from the esophagus, and increased spontaneous contraction as characteristic changes in the elderly human esophagus, and they coined this condition as "presbyesophagus" (Zboralske et al., 1964) . The other cineradiological study by Mandelstam et al. (1970) showed that the reduced peristaltic sequence and the delayed barium emptying in the elderly subjects.
However, radiological study is not suitable for the quantita tive analysis of the esophageal motor events, as there could be considerable interobserver difference on analysis (Mandelstam et al., 1970) .
Esophageal manometry is the most objective and quantitative method to assess the esophageal motility. Only several studies, which studied manometric findings in the elder subjects, have been reported by 1994 (Hollis et al., 1974; Kahn et al., 1977; Csendes et al., 1978; Richter et al., 1987 , Micklefield et al., 1993 Adamek et al., 1994) as far as we know. Studies reported by Hollis et al. (1974) and Khan et al. (1977) mainly compared the esophageal motor function between the two groups of young and elder. If the aging has influence on esophageal motility, changes in motility may occur gradually along with age. Richter et al . (1987) studied esophageal motility in 95 healthy volunteers.
As the aim of their study was to establish normal value, they gave less attention to the elderly human subject and the eldest age of the volunteers was 74 years old (Richter et al.,1987) . Csendes et al. (1978) performed esophageal manometry in the subjects ranging from infants to the elderly.
In their report, they did not describe the method to induce esophageal peristaltic activities whether wet or dry swallows.
Our aim of the study is to clarify the changes in the characteristics of the esophageal motility along with aging in the human subjects.
Method Subjects
Forty-seven volunteers participated in this study. They were 26 males and 21 females .
Their age ranged from 23 to 89 years old (yo), and both of the mean and the median were 57 yo. They had no upper gastrointestinal symptoms. The person who had diseases known to have influence on gastrointestinal motility such as diabetes mellitus , collagen diseases, or peptic ulcer was excluded.
The person who was taking any drugs known to affect gastrointestinal motility was also excluded.
To assess the effect of aging, the subjects were divided into 4 groups by age; group under 49 yo (<49 yo. 11 subjects, 7 of whom were male), group between 50 and 59 yo (50's. 15 subjects, 7 males), group between 60 and 69 yo (60's. 11 subjects , 5 males) and group over 70 yo (>70. 10 subgects, 5 males 
Results
The values of manometric parameters in 4 groups by age are summarized in Table. LES higher walue than the other 3 groups, but not statistically significant.
Esophageal body function
Percentage of peristaltic contractions in the group<49 yo was 100: [90, 100] , while the % of peristaltic contractions in 60'9 and>70 yo were significantly lower compared with the group<49 yo (p<0.05. Fig. 1 ). The % of non-conducted sequence in the group<49 yo was 0: [0,10], while in 60's and in>70 yo were 10:[0,90] and 10: [0, 40] , respectively, and were significantly higher compared with the group<49 yo (p<0.05). Simultaneous contractions were observed in 7 subjects; 2 subjects in 50's (15%), 2 in 60's (18%), and 3 in>70 yo (30%). The highest % of simultaneous contraction was 20% in two subjects; one in 60's and another in>70 yo. Median value of % simultaneous contraction was 0% in all groups, and there was no statistical significance. Conduction velocity of peristaltic contraction did not significantly differ among 4 groups.
There was a tendency of a decrease in the peristaltic contraction amplitude at 5 cm proximal to LES with the increase of age. In 50's and 60's, several subjects showed weak perstaltic contraction amplitude, but there were considerable overlaps between the value of the group<49% (Fig. 2) . All subjects in the group>70 yo showed weaker perstaltic contraction amplitude than the subjects<49 yo, and the difference was statistically significant (p<0.01). At 10 cm proximal to LES, the perstaltic contraction amplitude in group>70 yo was also significantly lower than that in the group<49 yo (p<0.05). Duration of perstaltic contraction at both 5 cm and 10 cm proximal to LES was not significantly different among 4 groups by age.
The appearance rate of bi-peak waves was not significantly different among 4 groups.
The appearance rates of bi-peak waves in each subjects were below 20%. The contraction with three or more peaks was not observed in this study. Repetitive contraction was not observed during the entire period of this study. (Hollis et al., 1974; Kahn et al. 1977) , while some studies reported such changes are not statistically significant (Micklefield et al., 1993; Adamek et al., 1994) . (Kravitz et al., 1978 Dodds et al, 1979 Gidda et al., 1981 :Humphries et al., 1981 . Reduction of parasympathetic function with aging is shown through findings of heart rate variation tests (Oikawa et al., 1984) . Histologically, ganglion cells in esophageal myenter ic plexus in the elderly subjects decreased in number (Eckhardt et al., 1978 (Humphries et al., 1981) . Another explanation of decreased contractile force in esophageal body is reduced contractility of the esophageal smooth muscle coat. Because the thickness of the smooth muscle layer of the human esophagus does not reduce with age (Eckhardt et al., 1978) , decrease in contractility in the elderly subjects might be due to the altered function of the smooth muscle fiber rather than the loss of the smooth muscle cells.
In the present study, resting LES pressure was lower in the group>70 yo, but was not significant, similar to the other data (Kahn et al. 1977; Csendes et al., 1978) . LES relaxation following wet swallows in the elderly subjects is controversial. Kahn et al. (1977) reported the relaxation response of LES in the elderly was impaired, while Hollis et al. (1974) reported that intact. Their observations on LES relaxation were performed by means of one pressure channel. Our measurement on LES relaxation was performed by three channels which may give more reliable information. As nadir LES pressure on relaxation was not significantly different among 4 groups, we speculate that aging has fewer effects on LES relaxation.
Some investigators reported that functional alteration of esophageal motility in the elderly mimics diffuse esophageal spasm (Zboralske et al., 1964; Kahn et al. 1977) . Our results were obtained from the subjects without esophageal symptom and any diseases known to have influence on esophageal motility.
Some subjects over 50 yo showed simultaneous contractions but no significant difference in appearance rate among 4 groups. Furtermore, bi-peak contrac tion, which is ferquently observed in diabetic patients with autonomic neuropathy (Loo et al., 1985) , did not increase with age in our study. Therefore, neurogenic or myogenic alterations of motility in esophageal body with age may be different from pathological condition such as diffuse esophageal spasm or hypomotility in patients with scleroderma (Vantrappen et al., 1979; Satake et al., 1990) .
